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Comments on "On Routh-Pade Model Reduction of Interval Systems"

Shih-Feng Yang
Abstract-A numerical example is given to show that the model reduction method of interval systems proposed by Dolgin and Zeheb in the above paper cannot guarantee the stability of the reduced-order interval models.
Index Terms-Interval systems, model reduction, Routh table.
I. INTRODUCTION
Recently, the Routh approximation method pioneered by Hutton and Friedland [2] was extended through interval arithmetic to derive reduced-order interval models for high-order interval systems [3] , [4] . For systems with fixed-coefficients, the Routh approximation method has the advantage that it has the ability to yield stable reduced-order models for stable original high-order systems. However, Hwang and Yang [5] have shown by a numerical example that due to the irreversibility of interval arithmetic operations, the advantage of stability preservation of the Routh approximation method is lost when it is extended to the model reduction of interval systems. To overcome this, Dolgin and Zeheb [1] modified the method given in [3] . They claimed that the modified method can guarantee the stability of the reducedorder interval models. In this note, motivated by the results given in [5] , a numerical example is used to examine the ability of stability preservation of the method proposed by Dolgin and Zeheb [1] . It is found that the method proposed by Dolgin and Zeheb [1] cannot guarantee the stability of the reduced-order interval models.
II. MAIN RESULTS
Consider an nth-order interval polynomial p(s) = a n s n + 1 11 + a 1 s + a 0 
The interval Routh Therefore, it is evident that method DZ does not preserve the stability of the reduced-order polynomials.
As shown by the numerical example, method DZ fails to preserve the stability of the reduced-order interval polynomials even though the original high-order interval polynomial is stable. The failure arises from the fact that the coefficients of the member polynomials of a reduced-order interval polynomial derived by method DZ may not be computed from the coefficients of the member polynomials of the original stable high-order interval polynomial through the Routh table generating algorithm for fixed coefficients polynomials. Therefore, the stability of the reduced-order interval polynomials cannot be guaranteed. The following example shows the fact. The reduced-order interval polynomial of degree five of p 6 (s) derived by method DZ is It is evident that the lower bounds of a 2;j ; j = 0; 1 are computed from the midpoints of ai;0; i = 0; 1, the lower bounds of a0;j; j = 1; 2, and the upper bounds of a 1;j ; j = 1; 2, i.e., The previous example shows that a member polynomial of a reduced-order interval polynomial derived by method DZ may not be generated from a member polynomial of the original stable high-order interval polynomial. The reason that leads to the situation is the use of the irreversible interval subtraction operation in (2c) to generate the interval Routh table. More precisely, for a member polynomial of a reduced-order interval polynomial of degree (n 0m), the corresponding nth-order fixed coefficients polynomial reconstructed by the inversion formula a i01;j+1 = a i+1;j + 0 i a i;j+1 ; i = m; m 0 1; . . . ; 1; j = 0; 1; . . . ; n i+1 (10) may not be a member polynomial of the original nth-order stable interval polynomial since ai01;j+1 ai+1;j + 0iai;j+1:
Therefore, the stability of the reduced-order interval polynomial cannot be guaranteed. In other words, if the operations used in constructing the interval Routh table are reversible the nth-order fixed coefficients polynomial reconstructed by the inversion formula (10) must be a member polynomial of the original stable nth-order interval polynomial. The stability of the reduced-order interval polynomials thus can be guaranteed.
III. CONCLUSION
We have shown by a numerical example that the model reduction method of interval systems in [1] cannot preserve the stability of the reduced-order interval models. The loss of the stability preservation of the method arises from the fact that the reduced-order interval polynomials have member polynomials which are not generated from the member polynomials of the original high-order interval polynomials.
